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Concerns over declining landfill space and a renewed interest in waste-to-
energy technologies have increased the possibilities of co-firing different types of fuels 
in atmospheric fluidized bed combustion systems. The laboratory sized atmospheric 
fluidized bed combustor (AFBC) at Western Kentucky University was designed to 
serve as a highly flexible research and development facility to gain operating 
experience, evaluate combustion performance, and estimate the effect of flue gas 
emissions on the atmosphere. The operating conditions for the AFBC system are 
similar to those used at the TVA 160-MW AFBC Pilot Plant located near Paducah, 
Kentucky. AFBC systems are ideal for co-firing because of their ease in heat 
conversion and ability to burn a wide range of fuels. GC/FTIR/IC techniques can be 
used to characterize the combustion of fuel blends by evolved gas analysis. This 
analysis can be used to determine the best combination of fuels. 
1. INTRODUCTION 
1.1 Atmospheric Fluidized Bed Combustor 
In the United States today nearly 200 million tons of municipal solid waste 
(MSW) are generated each year.1 This amount of MSW has to be dealt with in an 
economical and energy efficient way. New technology must be developed to deal with 
the increasing amount of MSW in an efficient manner that makes the best use of the 
decreasing space in sanitary landfills. 
Only a fraction of municipal solid waste is ever converted into a useful 
product. In 1985, approximately five percent of the MSW generated was processed by 
technologies such as separation and recycling, composting, and waste-to-energy 
conversion. This percentage is expected to increase by the year 2000 to better than 
30%.' 
For MSW, the two principal waste-to-energy technologies being evaluated are 
unprocessed mass burning and preparation and co-firing of refuse-derived fuel (RDF).1 
Fluidized bed combustion systems are ideal for this type of waste-to-energy 
technology. It can be used to effectively burn high sulfur coal together with the 
biomass waste fuels. The biomass addition to the coal combustion would reduce the 
total sulfur emissions from the unit. 
The amount of waste generated and the declining availability of sanitary 
landfills has forced most municipalities to evaluate alternative waste management 
1 
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technologies for reducing the volume of waste sent to the landfills. Fluidized bed 
combustion systems are particularly suited to waste fuels because of their ability to 
burn low grade and variable fuels as well as absorb sulfur oxides through the use of 
sorbents. AFBC systems are able to burn any fuel with a moisture content less than 
60% that has a combustion temperature under 2000°F. A stable environment is created 
and allowed to move the air flow and flue gases through the system and out the stack 
with great efficiency.1 
The specific advantages of an AFBC system are: 
Ability to comply with environmental emissions without the use of 
flue-gas scrubbing. 
Lower NOx emmissions due to lower combustion temperatures. 
• Ability to burn coal of all ranks and qualities. 
Reduction of the steam generator tube area in the bed due to 
three-to-five times higher outside heat transfer coefficients on the tubes 
in the bed. 
Avoidance of ash agglomeration or slagging due to lower combustion 
temperatures. 
Elimination of coal pulverizing systems. 
Generation of a dry, solid waste which is easier to handle than wet 
flue-gas desulfurization sludge. 
1.1.1 Considerations for Fluidized Bed Combustors 
Sulfur emissions are a primary concern in coal utilization. The primary 
advantage of fluidized bed combustors is the ability to significantly reduce sulfur 
dioxide emissions with the addition of a sorbent.3 Physical operations such as gas 
flow rate, gas fluidization velocity, handling of emissions, heat transfer rates, and 
cooling apparatus must be considered as well as the chemical operations such as fuel 
and sorbent choice, reaction and kinetic rates, sorbent particle size, and porosity. 
Several researchers have suggested that each fluidized bed combustor be 
specifically designed for its location.1,4"7 Ulerich and co-workers state that three site 
requirements must be considered for each FBC: (1) environmental constraints on the 
plant for operation; (2) sorbent availability; and (3) fuel availability.4 Also, S02 
sorbents must be considered for their cost and availability. Any industry should make 
the following four considerations: (1) the quantity of fresh sorbent that will be needed; 
(2) any possible regeneration cost; (3) the sulfur recovery cost; and (4) the disposal of 
the waste sorbent. The overall power requirement of the plant will dictate the coal 
feed rate into the FBC.6 
In order to produce heat, the coal must be fired at a designated temperature so 
that heat transfer is at its maximum, emissions can be reduced or easily cleaned, and 
the maximum burning efficiency can be reached. The temperature range chosen for 
maximum burning efficiency and desulfurization in FBC systems is between 800 and 
900°C (1500°F ± 50°F).8"10 
One other chemical consideration is the reaction of S02 with a sorbent. Zheng 
stated that the kinetics of desulfurization with calcined limestone can be related to 
4 
particles undergoing first-order deactivation.6 Since desulfurization undergoes 
deactivation, the calcium of the limestone must go through activation. Calcium 
becomes equally reactive as sulfur, and the mole ratio of calcium-to-sulfur must be 
considered. Sulfur will not only react with calcium but also reacts to form H2S04. 
This conversion can translate into high corrosion if the temperatures within the 
combustor housing and flue stream drop below the H2S04 dew point.11 
1.1.2 Fluidized Bed Characteristics 
As fuel particles enter a fluidized bed, they undergo a sharp increase in 
temperature and release most of their volatiles in a short time compared to the time in 
the combustor.12 The relative amount of sulfur dioxide removed from the gas stream 
is lower than that present in the reactor.3'15 Rajan and co-workers point out that 
limestone spends a longer time in the reactor as compared to coal. The limestone is 
assumed to be well mixed, and the coal is assumed to be mixed well enough to 
provide a constant heating source.13 The rate of reaction (R) for a completely mixed 
system can be explained mathematically by the following equation.6 
R = ks ca s 
where: ks = surface reaction rate constant 
ca = concentration of S02 in exit gases 
s = available CaO surface area 
By knowing the concentration of S02 in the exit gases, the available CaO surface area 
(from mercury porosimetry tests) and the surface reaction rate constant (from tables), 
the rate of reaction for a given system can be calculated. 
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Attrition of limestone becomes a major concern because it is a physical 
constraint on the system. Attrition is the erosion of particulate matter due to physical 
rubbing and wearing down of the particle size. The reasons for attrition are as 
follows: 
sorbent and coal types 
• bed operating conditions (temperature, velocity, particle feed, bed depth) 
• system design (type of solid feeder). 
As attrition proceeds it will decrease with time.17 If the temperature of the system 
were raised, then the attrition rate would increase. If the temperature and amount of 
time the particulate matter remains in the bed increases, then the chemical products of 
fuel combustion and desulfurization would dramatically change.10 
If only the attrition parameter is taken into consideration, the fuel and sorbent 
choices can be made. Coal fines, MSW (or some biomass), and limestone are co-fired 
for their combustibility. The choice of limestone is unique in that its attrition rate 
during calcination only experiences a five-to-seven percent reduction.14 Fine coal 
particles have a tendency to float into the freeboard and may not have a sufficient 
amount of time to combust significantly. However, by adding MSW the amount of 
coal fines lost to the freeboard will be significantly reduced by MSW's ability to 
agglomerate with coal fines.16 Therefore, the fuel and sorbent choices must be fully 
examined for their usefulness. 
6 
1.2 Coal in AFBC Systems 
The chlorine content in coals around the world ranges from a few parts-per-
million to about 1 weight percent in certain coals from the United Kingdom.17 The 
chlorine content in Illinois Basin coals (IBC) varies from less than 0.003% to as high 
as 0.8%).17 The samples of Illinois Basin coals may be divided into three groups 
according to their chlorine content: Low chlorine coals containing less than 0.15% 
chlorine, medium chlorine coals containing 0.15-0.30%) chlorine, and high chlorine 
coals containing greater than 0.30% chlorine, following the way chlorine content in 
British coals is grouped.17 
At least half of the known economically minable coal resources in the Illinois 
Basin have a chlorine content greater than 0.3%. The behavior of chlorine in Illinois 
coals during pyrolysis has been evaluated by combined thermogravimetry/Fourier 
transform infrared spectroscopy/ion chromatography (TG/FTIR/IC) techniques.17 It 
was found that more than 90% of the chlorine in Illinois coals was liberated as HC1 
gas. Coal with high chlorine content may be difficult to market because the chlorine 
may not only enhance the corrosion rate of metal tube walls in utility and industrial 
boilers but also may cause severe environmental pollution.17 
1.2.1 Rate of Sulfation 
The rate of sulfation is the rate determining step for complete desulfurization. 
If the sulfation step is limited, the conversion efficiency is drastically reduced. This 
concept is a balance between the rate of sulfation, and the amount of surface area 
calcium oxide has available. Initially, faster sulfation rates result in lower sulfur 
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dioxide emissions, but as time progresses, the sulfation drops off rapidly with 
increasing conversion of CaO to CaS04.1215'17 If the temperature is altered from the 
optimum level (850°C), the sulfation rate is reduced as well.8 
In consideration of AFBC systems, the calcination and sulfation reactions will 
occur simultaneously. However, the sulfation products retard the calcination products, 
thereby lowering the overall yield.18 Sulfation would not take place if the amount of 
S02 released were not proportional to the char combustion rate.13 If the fuel choices 
were also considered, the coal would induce more reactivity into the sulfation reaction 
due to its iron content. On a small scale, Fe203 doubles the conversion, but its surface 
area hinders sulfation completeness and dampens any improvement in the total 
efficiency of the system. 
If additional catalysts enhance the sulfation reaction's conversion efficiency, the 
amount of CaO needed for conversion would be drastically reduced. Other catalysts 
such as coal ash, H20, Na, FeO, Fe304, and FeS2, can either enhance the forward 
reaction or initially retard it or assist in its completeness in the end. For example, the 
iron compounds easily convert to Fe203 below 900°C; therefore, they work in the same 
fashion as mentioned previously. 19 
Water vapor is unique in such a way that it decreases the oxidation rate of 
CaS03, but as the temperature increases, it increases the oxidation rate of CaS03 to 
CaS04.20 In fact, if water vapor pushed the equilibrium far enough the conversion to 
CaS04 would be about 96%.21 But, water vapor can combine very rapidly with S03 to 
form H,S04; thus, it reduces the catalytic effect of Fe203 and, in turn, it enhances 
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possible corrosion. With sulfuric acid, coal ash and sodium can corrode the system, 
but coal ash and sodium aid in enhancing the rate of conversion. 22 
Therefore, as Hartman and co-workers noted, sulfation is dependent upon 
several factors as listed below: 15 
• the rate of sulfation; 
• the degree of solid and gas mixing; 
• the molar ratio of a sorbent and sulfur dioxide in the feed; 
• the mean residence time of either phase; 
• the porosity of the bed; 
• the densities of both phases. 
1.2.2 Sulfur Retention 
Sulfur retention does not necessarily mean it is for the specific sorbent particle, 
but it is for the entire AFBC system. However, sulfur retention of an AFBC is 
reflected by the sorbent's ability to hold onto the sulfate ion. The capture of the 
sulfate ion results in the formation of an impervious shell on the outside of the CaO 
particle. Even though the shell is impervious, some of its segments can be removed 
by attrition. The action of attrition exposes new surface area on the CaO particle for 
further sulfation.23 For AFBC systems, sulfur retention is heavily dependent on the 
AFBC's operating conditions. Such things as the Ca/S ratio, bed temperature, bed 
depth, superficial gas velocity (velocity of gas to bubble through the bed), feed 
method, coal ash content, and limestone particle size, all affect the S02 absorption 
efficiency. However, the two most effective operating conditions are the Ca/S mole 
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ratio and bed temperature.13 24 The Ca/S ratio, as outlined before, determines how 
much sulfur retention is possible. The bed temperature determines what will be the 
extent of calcination before sulfation. 
1.3 Gas Chromatography 
Gas Chromatography (GC) was introduced in the late 1950's. The principal 
advantages of gas chromatography are (1) small sample size, and (2) high degree of 
separation. Gas chromatography can also be used quantitatively. Both liquid and 
gaseous mixtures can be analyzed in gas chromatography. The process is termed gas 
chromatography because a flow of gas is used to carry the sample through the 
separating column. This gas is called the mobile phase. The column is packed with 
an immobile solid material that is called the stationary phase. As the sample mixture 
of components is carried through the column, separation is affected because of the 
varying attraction each component of the mixture has for the stationary phase. 
Substances that are more strongly attracted to the stationary phase will be carried 
down the column at a slower rate and will elute at a later time. This time—which is 
the amount of time required for a particular component of a mixture to pass from the 
injection port, through the column and to the detector-is its retention time. Careful 
attention must be given to the choice of packing to achieve the best separation. The 
temperature of the column and the flow rate of the mobile phase also affect the 
separation. Under identical conditions, the same substance will have the same 
retention time in repeated analyses; therefore, retention time can be used qualitatively 
to identify a substance in a mixture. The method of internal standards is usually used 
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for quantitative analysis. A compound is chosen to be used as the internal standard 
that has no physical properties like that of the substance to be analyzed. A calibration 
curve is constructed where the ratio of the peak area of the compound of interest and 
that of the internal standard is plotted on the y-axis versus the concentration of the 
analyte on the x-axis. The peak areas are normally calculated by an integrator. 
1.4 Fourier Transform Infrared Spectroscopy (FTIR) 
In the application of FTIR, quantitative analysis is one of the main goals. 
Quantitative analysis is based on the "Beer-Lambert Law." In the quantitative analysis 
of gases, the results of FTIR are complex because of influential factors. Therefore, it 
is necessary to have a simple practical formula or working curve in gaseous 
quantitative analysis. 
All polyatomic molecules and heteronuclear diatomic molecules absorb infrared 
radiation. The absorption changes the molecular rotation and/or vibration. The pattern 
of absorption therefore depends on the physical properties of the molecule, such as the 
number and type of atoms, the bond angles, and the bond strengths. Specifically, each 
spectrum differs from all others and may be considered the molecular "signature." 
The spectral region from 3700 cm "' to 500 cm"1 includes almost all the 
important absorption bands of gaseous molecules. It is the fundamental infrared region 
where the rotation and vibration of the molecules give rise to infrared absorption. 
Detectability is increased in direct response to reduction of the instrument 
noise. The noise level is a function of the source intensity, the number of scans, the 
spectral resolution, the stability of the optical components, and especially the quality 
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of the detector itself. There are two ways to lower the detection limit for a given 
compound: (1) lower the noise level in the spectrum and (2) increase the size of the 
absorption features. The noise level is lowered by choosing a low noise detector and 
by bringing to that detector a maximum number of photons, while avoiding detector 
saturation. An additional way to lower the noise level in the spectrum is to use longer 
measurement times and average more interferometer scans. 
The purpose of this study is to obtain quantitative analysis working curves and 
experimental formulas by making use of experimental data and statistical methods. 
This information will be applied toward the proper analysis of the gases evolved from 
the laboratory atmospheric fluidized bed combustor. 
1.5 Ion Chromatography (IC) 
Ion chromatography (IC) is the chromatographic separation and measurement of 
ionic species. Ion chromatography belongs to a broad subclassification of 
chromatography known as liquid chromatography, which implies (1) that a liquid is 
used as the mobile phase and (2) that the stationary phase is contained in some sort of 
envelope such as a column or capillary. 
The column is an important element of chromatography. It is a tube packed 
with some sort of solid or gel in a finely divided form. This packing is known as the 
stationary phase. The space between the packing particles is filled with a liquid that is 
continuously pumped through the column and is known as the mobile phase. 
In a typical operation, a volume of mobile phase containing the species to be 
separated is injected into the flowing mobile phase and carried into the column, at 
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which time separation begins. For analytical purposes, some sort of detecting device 
is placed at the column exit to monitor species as they elute from the column. 
The stationary phase is also an important element in a chromatographic system. 
It is this element which determines what separation mechanism is operative and 
determines the choice and composition of the mobile phase. Ion exchangers are the 
most widely used stationary phase in IC. An ion exchanger comprises three important 
elements: (1) an insoluble matrix, which may be organic or inorganic; (2) fixed ionic 
sites, either attached to or an integral part of the matrix; and (3) associated with these 
fixed sites, an equivalent amount of ions of charge opposite to that of the fixed sites. 
These attached groups are often referred to as functional groups and the associated 
ions are called counterions. Ion exchangers should also have the following properties: 
(1) the ability to exchange their own ions rapidly, (2) good chemical stability over a 
wide pH range, (3) good mechanical strength and resistance to osmotic shock, and (4) 
resistance to deformation when packed in a column and subjected to the flow of the 
mobile phase. 
Detection of the separated species is also a very important issue. 
Conductometric detection is one of the major detection methods in the 
chromatographic analysis of ionic species. As a means of detection, conductance 
monitoring has a number of features: (1) electrical conductivity is a universal property 
of ionic solutions, (2) at the low concentrations of typical chromatography, 
conductivity is proportional to concentration, (3) the detector is robust and capable of 
prolonged trouble-free operation, and (4) since the cell is amenable to virtually 
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limitless miniaturization, any inefficiency attributable to detector cell volume can be 
easily eliminated. 
2. EXPERIMENTAL PROCEDURES 
2.1 Atmospheric Fluidized Bed Combustor 
An atmospheric fluidized bed combustor (AFBC) is an instrument of 
waste-to-energy conversion technology that can make use of the wasted resources of 
man. It contains five major units which are as follows: combustor housing, heat 
exchangers, fuel bunkers, cyclone, and stack and combustion fans. (See Figure 1) 
The WKU AFBC combustor housing consists of seven units stacked vertically 
with the option of changing its configuration. In a vertical stack, the system is 
approximately sixteen feet tall and twenty-four inches in outside diameter. Positioned 
in the third and sixth units, heat exchangers are built into the housing so that the 
thermodynamic change of heat between fuel and flue gases can be studied. The fuel 
can be sampled and tested at various stages of the combustion process. The individual 
segments will be explained for their role and specifications to the needs of the project. 
Each will be treated as a subcategory of the combustor housing. 
The bed of the combustor housing is the main area of concern. Here the fuel is 
converted from waste-to-energy and its behavior, emitted flue gases, and residues are 
analyzed for maximizing the combustion of the combinations of fuels. 
In the operation of the WKU AFBC system, the bed will be fluidized by the 
forced draft fan. This flow of air will cause the bed to behave much like a liquid with 
the fuel entrained. In a fully fluidized bed, the temperature, combustion air and fuel 
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Figure 1. Block/Flow diagram of a fluidized bed combustor. 
H U1 
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are present near the bottom of the bed. Therefore, more complete combustion of the 
fuel at lower temperatures is possible within the bed. The planned bed temperature is 
850°C ± 50°C—achieved by adjusting the fuel composition and feed rate, fluidizing air 
flow and, optionally, a bed heat exchanger. 
The need to make this process practical and economical was explored. This 
researcher's goal is to provide a viable model for industry. The AFBC used in this 
project is a laboratory sized model of the systems that could be employed in industry. 
The bed section is four feet tall and is lined with 6 inches of a cast-in-place insulating 
refractory, providing a net inside diameter of 12 inches for the bed material to occupy. 
These dimensions were chosen for the following reasons: (1) these dimensions are for 
pieces that could be constructed by local contractors and (2) for economical reasons. 
Several sampling ports are provided at various locations on the combustor 
housing so that factors such as temperature and flue gas composition during the 
process can be studied. These ports allow easy access to different levels of the 
combustor housing. 
The bed drain's role is to provide access to the bottom of the combustor 
housing for the removal and possible recirculation or sorbent or bed material. It is a 
multipurpose port that can either be used to remove or add materials. 
The gas heat exchanger (gas HX) is responsible for cooling the flue gas stream 
to an appropriate temperature to provide comparability to commercial sized AFBC 
systems. The heat exchange total surface area is 16 sq ft and consists of 66-1.315 
inch outside diameter schedule 80 carbon steel tubes, capable of exchanging up to 325 
x 103 BTU/h with an outlet flue gas temperature not exceeding 1000°F. 
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There are two heat exchanger ports on the combustor housing. Each port 
provides different information as to the medium it is measuring. The heat exchanger 
ports provide a dual purpose of allowing thermodynamic measurements to be made 
and providing a place for the cooling system to be introduced into the larger system. 
They are designed for easy removal or addition of future pieces. 
The bed section is one of seven bolted together units comprising the main 
combustor. It is 4 feet tall and is lined with 6 inches of a cast-in-place insulating 
refractory, providing a net inside diameter of 12 inches for the bed material. Three 
dedicated thermocouple probes sample bed temperature at three elevations above the 
setter plate. In the fluidized mode of operation, the bed is suspended by the 
movement of pressurized air entering through the setter plate. 
The blending chamber receives the output of fuel A, fuel B, and the bed or 
sorbent bunker augers that are used in proportioning of the respective materials for the 
fuel injector auger to transport to the combustion zone. 
The combustor transition insulating refractory lined section is the last modular 
unit of the main combustor through which the flue gas moves. It provides the change 
in direction and the least turbulent reduction of cross-sectional area possible to match 
into the high velocity transition duct that follows. A gas composition/temperature 
sample access port is provided to sample the flue gas stream as it exits the gas HX 
section. Also a gas composition/temperature/high temperature particulate sample 
access port is provided in the high velocity exhaust region of the combustor transition. 
The latter may be equipped with a frit filter for dry particulate collection. 
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The cyclonic scrubber provides for intimately mixing water sprays with the flue 
gas stream. The cyclonic scrubber also provides separation of particles beginning at 
an estimated two microns and larger, allowing the cleaned exhaust to exit to the 
induced draft fan. The volume of the exhaust has stream is up to 250 SCFM and is 
now cooled to a temperature of not greater than 200°F. Particles become entrained in 
the slurry that accumulates at the bottom of this unit and are available for sampling 
and analysis at this point. The liquid effluent is allowed time for the remaining 
particles to settle out before disposal. 
A 4-inch round stainless steel flue gas transition duct connects the combustor 
transition to the cyclonic scrubber. The flue gas stream is traveling at a velocity up to 
2,200 FPM in this duct which improves efficiency of separation in the cyclonic 
scrubber. Fly ash and other particulates, including possible carbon fines, become part 
of a slurry that is collected at the bottom of the cyclonic scrubber and may be sampled 
at this drain point during a run. 
The forced draft fan is a roots type positive displacement blower used to 
fluidized the bed and provide combustion air. Allowing greater than 25% excess air 
and other process air requirements, the FD Fan is rated at 150 SCFM at up to 120" 
WC and requires an electric motor rating of 5 HP. This motor is powered through a 
variable speed drive to allow adjustment of air flow as needed. 
There are two modular freeboard sections of the combustor sitting atop the bed 
section. Each section is 3 feet tall, and added to this is approximately 1 foot of the 
gas HX section prior to the tube face; these components comprise the total freeboard 
area. This area is very complex in construction and accomplishes many functions. 
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Secondary air is preheated by a heat reclaimer and is then introduced at up to four 
levels through an internal superheater assembly in the lower freeboard section. Four 
gas composition/temperature sample ports and also four viewing windows are located 
within the freeboard area. Added to this is a combination port for "above bed" fuel 
introduction and also for start-up fuel ignition. Finally, two dedicated thermocouples 
are installed in the insulating refractory to monitor temperature gradients and heat 
storage effects. 
There are two sealed fuel storage bunkers into which a quantity of prepared 
fuel would be placed prior to commencing a run. These storage bins or bunkers are 
continuously weighed by load cells so real time fuel consumption data are available 
during a run. Present design calls for runs to last up to 250 hours at a firing rate of 
up to 20 pounds of coal or equivalent per hour. The fuel injector assembly accepts the 
blend of fuels and bed material from the blending chamber and transports it by way of 
a high temperature rated screw auger to the combustion zone in the lower (or upper) 
part of the fluidized bed. The fuel injector port mounted on one side of the bed 
section accepts the fuel injector assembly. A 6-inch flange joint is provided here to 
facilitate system changes or service that may require dismounting the combustor 
modules. 
Twelve sample ports are provided at various locations on the combustor and at 
appropriate points on the cyclonic scrubber. These ports allow the measurement of 
gas temperature, the collection of gas composition samples, and at one special port, 
collection of particle samples. 
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An induced draft fan is responsible for transporting the flue gas stream from 
the freeboard area, through the gas HX, through the transition duct and cyclonic 
scrubber and into the outside stack. The freeboard area of the combustor is operated 
at or slightly below atmospheric pressure to facilitate measurements and to reduce 
possible leaks to the outside. The fan rating is 250 SCFM at up to 3.5" WC 
differential pressure and requires a motor rating of 1-1/2 HP. This fan serves double 
duty in that it is also used in transporting hot air from the exhaust hood, thus lowering 
the dew point temperature of the combined exhaust flow entering the fan and exiting 
to the outside stack. The hot air exhaust hood carries away excess heat that is lost in 
the vicinity of the combustor, providing for better building safety and personnel 
comfort. 
The setter plate is a highly porous ceramic plate which provides uniform air 
distribution to the bed material when it is fluidized. This uniformity in turn eliminates 
channeling and other nonhomogeneous bed fluidization. With an average pore size of 
100 microns, only about 0.15 inches of WC pressure loss occurs at 125 SCFM air 
flow. The ceramic material also effectively resists the high temperatures that can 
occur at certain times and prevents the bed material from migrating down into the 
wind box. 
The sorbent bunker is similar to the fuel A and fuel B bunkers, but is 
approximately 1/25 the volume of the fuel bunkers. Although it is referred to as 
sorbent in this thesis, inert bed material may be placed in this bunker also. 
A pilot tube is installed in a straight section of the forced draft fan delivery 
duct and is used to measure static and velocity pressure, as well as measure the air 
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volume being delivered to the fluidized bed. Also, the same method is used to 
quantify the secondary combustion air volume. 
The role of the combustor transition is to adapt the combustor housing to the 
downstream flue gas handling components. It is the role of the combustor transition to 
provide the correct sizing of tubing for the flue gases to flow through on their way to 
the cyclone and then out the stack. 
The role of the flue gas sampling ports is to provide easy access for 
measurement of the composition and temperature of the flue gas stream as it moves 
throgh the combustor. Gas sampling will be done to test for the amount of HC1, SOx, 
NOx, CO, and C02 that evolves from the combustor. The particulate matter will be 
sampled for the amount of unburned carbon and fly ash, so that optimum combustion 
efficiency may be achieved. 
There are four 4-inch viewing ports or windows, each equipped with a Pyrex 
glass window and a fitting for supplying purge air to reduce condensation and fly ash 
deposition. These windows are positioned to view the bed surface, the region of the 
freeboard where secondary air is introduced, and the flue gas entry side of the gas heat 
exchanger (HX) tube face. 
The bed heat exchanger is one of two modular heat exchangers employed in 
the combustor. These heat exchangers bolt to a mating flange on the side of the 
respective combustor section and may be easily removed for service or reconfiguration. 
Each heat exchanger is equipped with two dedicated thermocouples brazed to an 
outside tube surface, one on the lower side and one on the upper side of the unit. The 
bed HX has a heat exchange surface area of 5.2 square feet and consists of twenty-two 
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1.315-inch outside diameter schedule 80 carbon steel tubes. With bed temperature 
regulated at 1,550 ± 50°F, this heat exchanger is capable of absorbing up to 200 x 103 
BTU/h. Optionally, the bed HX may be removed and bed temperature can be 
regulated by adjusting other operating parameters. At present, a pressurized once 
through water circuit is used for the cooling exchanger and is capable of transporting 
up to 3 70 x 103 BTU/h. 
The purpose of flow meters is to serve two roles. One is to provide the mass 
flow rate of coolant into and out of the heat exchangers so that energy balance 
determinations can be made for each heat exchanger. The second flow meter provides 
a safety factor by indicating an adequate flow through each heat exchanger. 
Combustor runs are designed to be at least eight hours in length at a firing rate 
of up to forty pounds of fuel per hour. At the maximum amount, the bunker will 
contain 230 pounds of fuel at the beginning of any particular run. The sorbent bunker 
is 1/25 the fuel bunker volume with all the same constituents as its counterpart. 
2.2 Gas Chromatography (GC) 
The purpose of this portion of the study was to obtain calibration curves for 
CO, C02, 02 , and N2 on the Shimadzu GC-8A gas chromatogroph. This instrument 
contains a 10-port valve and column system which can be seen in Figure 2. This 
calibration will be used for accurate analysis of theses gases as they are evolved from 
the FBC system. 
Experimental Parameters. The following parameters were used for these 
experiments: 
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\RRIER 1 (ARGONS 
RELAY 4 OFE 
RELAY 4 ON 
CARRIER 2 (ARGON) 
COLUMN 4 TCD 2 
S.L. - SAMPLE LOOP 
COLUMN 1 - PORAPAK R 8 0 / 1 0 0 MESH 
COLUMN 2 - MS-5A 5 0 / 8 0 MESH 
COLUMNS - PORAPAK R 8 0 / 1 00 MESH - SHlMALfTE Q 1 0 0 / 1 80 MESH 
COLUMN 4 - SH1MAUTE Q. 1 0 0 / 1 80 MESH 
Fisure 2. Flow diagram for GC system. 
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• injection temperature 110°C 
• column temperature 70°C 
• #1 flowrate 25 mL/min 
• #2 flowrate 25 mL/min 
• primary gas pressure 5.9 kg/cm2 
• valve pressure 50 psi 
• current 70 ma 
• polarity + 
• attenuation 2 
• average print level 650 
• average slope 80 
• relay 4, on 0.01 min 
• relay 4, off 1.0 min 
• stop time 15 min 
Different concentrations of each gas were used to obtain calibration curves as listed in 
the results. 
The Shimadzu GC-8A was connected to a strand of teflon tubing coming from 
the flue gas stream of the AFBC system. Samples were analyzed every twenty 
minutes (Figure 3), and the results are given in Section three of this thesis. 
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Figure 3. Retention times for different gases in the GC system. 
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2.3 FTIR 
The instrument used for this work was a Perkin-Elmer Model 1650 FTIR. The 
gases were heated by allowing them to flow through a DuPont Model 951 TGA. Four 
gases with different concentrations were selected as calibration samples, and their 
specifications are listed in Table 1. 
Experimental parameters 
• resolution 4 cm"1 
• number of scans 2 
• time of scans 60 sec. 
• apodization weak 
• region 600 cm'1 - 4000 cm 
• comport 1 
• baud rate 9600 
• type absorbance 
• data bits 8 bits 
• stop site 1 bit 
• gas cell temp. 120 °C 
• sample flow 50 mL/min 
• background gas N2 
• purge gas run time 30 min 
• sample gas every min up to 5 runs 
Some of the standard gas samples had to be prepared. This step was 
accomplished by mixing in a gas mixing chamber. The gas mixing chamber was 
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Table 1. Composition of Calibration Gases 
Sample Concentration (%) Balance Gas Other Gas 
CO 0.5 N2 C02 (0.5%) 
CO 2.0 N2 
CO 6.0 C02 
C02 0.5 N2 CO (0.5%) 
C02 10.0 He 
C02 20.0 He 
C02 30.0 He 
C02 100.0 
S02 0.5 N2 
S02 2.0 N2 
S02 5.0 N2 
CH4 0.5 N2 1. Ethylene (0.5%) 
2. H2 (0.5%) 
3. Propylene (0.5%) 
CH4 100.0 
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controlled by a flowmeter. Two different gases are introduced into the mixing 
chamber from the bottom. Here they mix and flow out the top and into the FTIR 
system for analysis. The mixing chamber contains glass beads which increase the 
surface area. The standards which are already prepared can flow directly from the 
tank throught the flowmeter and into the FTIR system for analysis (Figure 3). 
For this study, the spike in absorption bands is selected to measure absorbance. 
The peak is a distinctive point in the absorption band. It may be determined easily 
and accurately. This point also has the highest sensitivity. In addition, the balance of 
the recording system on the FTIR is easier at this point. Therefore, the data measured 
is also more accurate than both sides of the absorption bands. 
When the sample gases have two or more absorption peaks, the peak that has 
the highest absorbance peak is selected as the main analysis band. The results can be 
seen in Table 2. 
Table 2. IR Data for Different Calibration Gases 
Sample Name Band 1 Band 2 Band 3 
C02 570--768 2232—2410 3524-3766 
CO 1988-2276 4144-4344 
CH4* 1134-1464 2818-3236 
S02 1302-1396 
* Spike 
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2.4 Ion Chromatography (IC) 
The TG-IC technique is based on a combined analytical method in which 
thermogravimetry (TG) is able to monitor the mass change of a coal sample, as a 
function of change in temperature, during pyrolysis and/or combustion. Ion 
chromatography (IC) is able to quantitatively determine the concentration of gaseous 
chlorine and sulfur species emitted in the same temperature ranges. 
The Shimadzu HIC-6A system consists of a liquid chromatograph (LC-600), a 
pump, a conductivity detector (CDD-6A), an ion chromatograph (HIC-6A), a column 
and guard column (Hamilton PRP-X100), and a data processor for chromatography 
(Chromatopac-CR501). Before a trapped buffer solution was analyzed for chloride and 
sulfate concentration, the Shimadzu HIC-6A system was calibrated by analyzing a 
standard solution containing 1 ppm and 10 ppm each of chloride and sulfate. The 
chloride and sulfate standards were obtained from Alltech Associates, Inc. The 
calibration was conducted by the absolute calibration curve method (made 
automatically by CR501) under the following conditions: 
• mobile phase: 2.5 mM phthalic acid (99%, reagent; Mallinckrodt, 
Inc.) 
2.4 mM tris hydroxymethyl aminomethane (99%, 
Reagent; J.T. Baker Chemical Co.) 
pH = 4 
• flowrate: 1.5 mL/min 
• column temperature: 40°C 
• detector parameters: 
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a) cell temp.: 43°C 
b) measuring range: 0.8 us/cm 
c) polarity: + 
injection volume: 100 pi 
retention time (tr): a) tr(Cl) = 2.4 min. 
b) tr(S) = 5.0 min. 
concentrations: a) CI = 1 ppm, 10 ppm 
b) S = 1 ppm, 10 ppm 
Then, under the same conditions as used for the calibration, each trapped buffer 
solution (unknown) was analyzed by IC for chloride and sulfate content emitted in 
each 50°C range. As a consequence, the release profiles of gaseous chlorine and sulfur 
during coal pyrolysis and/or combustion were established quantitatively by plotting the 
chloride or sulfate content vs. temperature (ambient to 850°C). 
Preparation of the Mobile Phase Solution: 
1) Weigh 0.415 g phthalic acid. 
2) Weigh 0.290 g trishydroxymethylaminomethane. 
3) Dissolve the solids in a 1000 mL flask using DI water. 
4) Filter the solution. 
Calibration Process for the Integrator: 
1) Check the baseline 
2) press FREE, then ENTER 
3) press MONITOR 
4) press ZERO, then ENTER 
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5) press SELF TEST, then ENTER (if slope is too high, press PARAMETERS 
and set slope to 70, then press SELF TEST again). 
6) check baseline 
7) press LLIST, then PARAMETERS, then ENTER 
8) if all parameters are OK then inject sample (the recorder will automatically 
start). 
After Run is Completed: 
1) press ID, then ENTER 
2) press Y, then ENTER 
3) press 1, then ENTER 
4) press 5, then ENTER 
5) press LLIST ID, then ENTER 
6) press METHOD 44, then ENTER 
7) press CALIBRATE 1, then ENTER 
8) press REPEAT, then ENTER 
After calibration is complete, the instrument is ready to analyze unknown samples. 
The unknown sample concentration is recorded on the Shimadzu CR501 Chromatopac 
by a program saved on the instrument. 
Preparation of the Buffer Solutions: 
Weigh 7 mg NaHC03 and 1.5 g H202. Dissolve the solids in an Erlenmeyer 
flask to approximately 90 mL using DI water. Use the above solution to absorb 
evolved gases from the AFBC. Filter the trapped gas solution, and transfer to a 100 
mL flask. Dilute to 100 mL with DI water. Run the IC using the above mobile phase 
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solution until the pressure becomes constant. The flow rate should be increased 
slowly from 0.05 - 1.5 mL/min. Inject the standard solution and then inject the 
trapped samples. 
Approximately 250 mg of a high-chlorine coal sample was heated on a sample 
boat inside the furnace chamber of a DuPont 951 TG in each TG/IC run. The sample 
was heated from ambient to 850°C at a heating rate of 10°C/min, and the pyrolysis of 
combustion was conducted in an atmosphere of nitrogen or air at flow rate of 50 
mL/min. The sample chamber on the TG furnace was connected with a series of 
buffered traps. Carried by a nitrogen or air flow during pyrolysis or combustion, the 
volatile species produced was collected in four buffered traps connected in series every 
50°C within the temperature range from ambient to 850°C. Thus, the gaseous chlorine 
and sulfur species were trapped as chloride and sulfate ions in approximately 190 mL 
of the buffered solution (pH = 9.5) containing sodium carbonate (16 ppm) and 1.5% 
H202. Then, each trapped buffered solution was diluted exactly to 200 mL, filtered 
through a membrane filter, and analyzed for chloride and sulfate concentration by the 
Shimadzu HIC-6A system. 
For analysis of chloride and sulfate on-line, a piece of tygon tubing was split 
from the Shimadzu GC-8A to run to the six Erlenmeyer flasks prepared with buffer 
solution to collect sample from the flue gas stream. The tubing was split from the GC 
so that the aspirator could be used to pull samples from the gas stream to the GC as 
well as the sample flasks. When collecting samples for IC analysis, the line to the GC 
was closed so the gas would flow only to the flasks. A schematic of this set up can 
be seen in Figure 4. 
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Shimadzu HIC-oA Ion Chromatograph 
with Chromatopac Integrator 
Figure 4. Ion chromatography block diagram. 
3. RESULTS 
3.1 Gas Chromatography (GC) 
Refer to Figures 5, 6, and 7 for GC calibration results. From the calibration 
curves it can be seen that there is a linear relationship between the gases' 
concentration and peak area, as given Table 3. Under the above experimental 
parameters, the following retention times were obtained: 
N2 4.6 min 
0 2 3.6 min 
C02 2.3 min 
CO 11.0 min 
H 2 0 6.1 min 
H2 2.7 min 
CH4 7.1 min 
The following concentrations were obtained for the calibration of gases for 
GC analysis: 
CO 1.0% 
C02 15.0% 
0 2 5.0% 
N2 79.0% 
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Table 3. Regression Equations 
Gas Equation R 
N2 F(X) = 2.17E + 4*X + 1.51E + 5 0.89 
0 2 F(X) = 2.66E + 4*X + 2.97E + 4 0.98 
C02 F(X) = 1.89E + 4*X - 3.59E + 3 0.99 
CO F(X) = 2.52E + 4*X - 8.67E - 2 0.99 
Note: X — gas concentration (% 
F(x) — peak area 
3.2 Fourier Transform Infrared Spectroscopy (FTIR) 
From Table 4 it can be seen that the highest C0 2 absorbance peak increases 
as its concentration increases. When the concentration is lower than 20%, the 
change in concentration has a linear effect on the highest absorbance peak. When 
the concentration is higher than 20%, there is an approximate constant between 
them. It can also be seen that the highest absorbance peak in the area of C0 2 drifts 
toward the lower wavenumber direction when the concentration increases. If there 
is CO in the sample gas, the relationship between the concentration and absorbance 
spike of C0 2 disappears. This change occurs for the following reasons: 
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Table 4. The Maximum Value of C02 Absorption Peak at Different Concentrations 
C02 (%) 
0.5 (M) 
5.0 (M) 
10.0 (A) 
15.0 (A) 
20.0 (A) 
30.0 (A) 
100.0 (A) 
Band*** 
2254-2388 
2246-2402 
2252-2408 
2242-2406 
2220-2384 
2202-2406 
2232-2410 
Peak** 
0.2560 
0.9701 
2.8026 
3.5909 
3.7058 
3.7293 
3.7412 
Wavenumber* 
2350 
2364 
2350 
2324 
2344 
2324 
2294 
Note: Sample gases are 100% purge C02 and the balance gas is N2 
*** Wavenumber range of C02 absorption peak at different concentrations. 
** The Maximum value of C02 absorption peak at different concentrations. 
* The wavenumber of Maximum value for C02 absorption peak. 
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a) When the concentration of C02 increases, the stretch and contraction 
vibration frequency of the C=0 band in C02 increases and causes the highest 
absorbance peak to drift in the direction of the lower wavenumber. 
b) The corresponding wavenumber region of characteristic peaks for C02 
and CO are very close. Therefore, when CO exists it has an interaction with C02 
and the regulation narrated above is effected. 
In Table 5 it can be seen that as the concentration CO increases its highest 
absorbance spike increases. CO has two characteristic peaks. These two peaks 
vary coordinately and the varying tendency is alike. 
Figure 6 shows the highest absorbance peak of S0 2 increases as its 
concentration increases, and there is an approximate linear relationship between its 
absorbance and concentration. 
Figures 7 and 8 show that the varying relationship between the highest 
absorbance spike and concentration of CH4 is similar to that for C02 . When the 
concentration is lower than 10% it greatly effects the absorbance. According to 
Figures 7 and 8 there is an obvious turning point. When the concentration is lower 
or higher than 10%, the relationship of the concentration to the highest absorbance 
peak is linear. 
For fast and accurate quality analysis, the working curve can play a 
significant role (especially when the sample analysis spectrum have no linear 
relationship with the sample concentration). Working curves were obtained 
according to the experimental data. The x-axis represents concentration; the y-axis 
represents the largest absorbance. Other analyses were done with the analyzed 
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Table 5. The Maximum Value of CO Absorption Peak at Different Concentrations 
CO (%) Band*** Peak** Wavenumber* 
0.5 (A) 2008-2140 0.0098 2116 
5.0 (A) 2006-2144 0.0374 2118 
10.0 (M) 2016-2152 0.0577 2120 
20.0 (M) '2002-2146 0.1266 2124 
30.0 (M) 2008-2148 0.2838 2120 
40.0 (M) 2008-2138 0.46995 2120 
60.0(A) 2008-2142 0.4844 2118 
Note: *** Wavenumber range of CO absorption peak at different concentrations. 
** The Maximum value of CO absorption peak at different concentrations. 
* The wavenumber of Maximum value for CO absorption peak. 
4 2 
Table 6. The Maximum Value of S02 Absorption Peak (1360 cm"1) at Different 
Concentrations 
S02 (%) Band*** Peak** Wavenumber* 
0.5 (A) 1290—1404 0.1687 1378 
1.0 (M) 1302-1414 0.3786 1360 
2.0 (A) 1288-1404 1.3788 1362 
5.0 (A) 1296-1404 3.0381 1358 
Note: *** Wavenumber range of S02 absorption peak at different concentrations. 
** The Maximum value of S02 absorption peak at different concentrations. 
* The wavenumber of Maximum value for S02 absorption peak. 
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Table 7. The Maximum Value of CH4 Absorption Peak (3022 cm"1) at Different 
Concentrations 
CH, (%) 
0.5 (A) 
5.0 (M) 
10.0 (M) 
20.0 (M) 
30.0 (M) 
40.0 (M) 
100.0 (A) 
Band*** 
2818-3230 
2830-3170 
2814-3176 
2678-3204 
2688-3204 
2678-3192 
2818-3236 
Spike** 
0.1881 
0.8550 
1.6496 
1.9199 
2.3824 
2.3909 
2.9094 
Wavenumber* 
3022 
3024 
3020 
3024 
3026 
3028 
3024 
Note: *** Wavenumber range of CH4 absorption peak at different concentrations. 
** The Maximum value of CH4 absorption peak at different concentrations. 
* The wavenumber of Maximum value for CH4 absorption peak. 
4 4 
Table 8. The Maximum Value of CH4 Absorption Peak (1290 cm"1) at Different 
Concentrations 
CH, (%) Band*** Spike** Wavenumber* 
0.5 (A) 1208-1390 0.0913 1292 
5.0 (M) 1210-1390 0.8307 1296 
10.0 (M) 1182-1380 1.5640 1292 
20.0 (M) 1182-1400 1.7199 1290 
30.0 (M) 1178-1392 2.0844 1294 
40.0 (M) 1192-1392 2.4051 1298 
100.0 (A) 1146-1428 2.5702 1292 
Note: *** Wavenumber range of CH4 absorption peak at different concentrations, 
** The Maximum value of CH4 absorption peak at different concentrations. 
* The wavenumber of Maximum value for CH4 absorption peak. 
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sample being transferred into the same pool. The absorbance and concentration can 
be confirmed according to the working curve. 
Under normal conditions, the most accurate data can be obtained by the 
above method if the instrument remains in good running order and operator errors 
are absent. The method can also eliminate many repeated system errors such as (1) 
the Beer's Law error caused by finite slide width, (2) chemical connecting influence 
and the influence caused by stray light, and (3) absorbance caused by other 
compositions. 
3.3 Atmospheric Fluidized Bed Combustor (AFBC) 
3.3.1 Combustor Efficiency 
Test firing of the laboratory FBC system began in June 1993. The test 
firing was somewhat successful, and the system ran for several hours before a 
problem arose with the fuel feed mechanism. The problem was alleviated several 
months later by converting the ram feed system to an auger feed mechanism. 
Operation of the FBC system for several trial burns (4-8 hours each) resulted 
in severe slagging due to several factors including (1) fuel particle size too large, 
(2) bed material initially used (sand), (3) alkali content of fuels, and (4) quality of 
coal used with a sand bed. To overcome the slagging we changed the bed material 
to a "hard" limestone and reduced the fuel particle size to 3/8 inch top size. 
A 24-hour run on coal (95010) was conducted to optimize operating 
conditions for the FBC system. Primary and secondary air flows, fuel feed, bed 
height, as well as bed and freeboard operating temperatures were monitored 
throughout the run. These conditions were established as base-line operating 
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conditions for the laboratory FBC system. In spite of attempts to optimize 
combustion, we were not able to achieve more than 85-90% combustion efficiency. 
The organic carbon content in the fly ash from the 24-hour experiment averaged 
about 10% as is shown in Table 9. Apparently, it is not possible to increase the 
combustion efficiency of the FBC system above the 85-90% level with the current 
overbed feed system. 
Test firing of combinations of fuels in the FBC system were conducted with 
limited successes. Firing of mixtures of coal (42%) with pelletized sawdust (58%) 
reduced the unburned carbon in the fly ash, as is shown in Figure 8 and Table 10. 
Operating the FBC system at its optimum temperature (1525°F) on sawdust pellets 
apparently led to near 100%) combustion efficiency. 
Test firings of coal with sawdust were unsuccessful in that the loose sawdust 
would not feed properly from the fuel bunkers and mixing box of the system. Test 
firings of coal with 1" x 1" refuse-derived fuel pellets were also unsuccessful for 
the same reasons. The variation in the flame stability caused by interruptions in the 
fuel feed led to inconsistent results. It appears that only pelletized fuels in the 
3/8"-1/2" size range can be fired in the FBC system. 
3.4 Ion Chromatography (IC) 
No data was collected from the ion chromatograph due to technical 
problems. The instrument has been calibrated and a method has been developed 
for the proper analysis of evolved gases from an FBC. 
Table 9. Composition of FBC Fly Ash 
21:00 23:00 
Si02 19.25 21.50 
P A 0.54 0.76 
S03 2.45 2.22 
K20 0.40 0.37 
CaO 47.41 45.32 
Ti02 0.63 0.69 
Fe203 1.38 1.47 
Na20 2.08 1.96 
MgO 7.90 7.38 
A1203 14.90 15.26 
Mn02 0.03 0.02 
21:00 23:00 
Tot C 23.26 29.28 
Org C 12.54 17.33 
. InorC 10.72 11.95 
01:00 03:00 05:00 
16.17 17.18 14.74 
0.26 0.61 0.97 
3.84 4.64 1.98 
0.25 0.31 0.29 
49.57 48.91 52.82 
0.48 0.55 0.51 
1.26 1.32 1.18 
2.07 2.08 2.11 
9.08 9.26 9.66 
11.89 12.09 12.61 
0.03 0.04 0.05 
Carbon Forms in FBC Fly Ash 
01:00 03:00 05:00 
24.74 21.49 21.68 
11.57 11.57 9.12 
13.17 9.92 12.56 
07:00 09:00 11:00 
15.06 15.46 14.84 
0.39 0.88 0.01 
4.46 2.07 3.88 
0.23 0.28 0.26 
50.01 52.48 52.69 
0.49 0.53 0.50 
1.08 1.10 1.12 
2.15 2.23 2.25 
9.61 9.14 10.02 
13.51 11.55 11.83 
0.03 0.03 0.04 
07:00 09:00 11:00 
21.17 20.08 19.80 
11.24 9.08 12.24 
9.93 11.00 7.56 
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Figure 8. Changes in FBC temperature, carbon in fly ash, and % coal in coal/wood blends. 
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Table 10. Change in Temperature, Percent Carbon in Fly Ash and Percent Coal in 
Coal/Wood Blends During FBC Run 
Time from Start of Run Temperature °F % Coal in Blend % Carbon in Fly Ash 
100 . 1410 100 11.15 
120 1465 100 5.75 
150 1521 100 5.28 
170 1612 43 2.51 
190 1521 42 3.39 
210 1518 42 5.21 
230 1551 42 4.24 
250 1566 42 4.38 
270 1565 42 4.86 
290 1573 42 4.31 
310 1561 0 4.86 
330 1438 0 0.57 
350 1440 0 0.32 
370 1491 0 0.28 
390 1523 0 0.08 
410 1523 0 0.05 
430 1527 0 0.05 
4. CONCLUSIONS 
The incomplete combustion experienced with coal led us to believe it would 
be unproductive to continue studies with the current overbed feed system. Our 
FBC system was patterned after an industrial FBC system previously operated at 
the Kentucky Agricultural Energy Plant in Franklin, Kentucky. We are currently 
modifying the combustor to operate with an underbed feed mechanism. That 
modification is not part of the current project. 
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